Abstract: The kinetic freeze-out temperatures T 0 and transverse flow velocities β T in small collision systems at high energy are extracted by four variants of the fitting function. The first two variants are the Blast-Wave model with Boltzmann-Gibbs statistics and Tsallis statistics respectively, in which non-zero transverse flow velocity of produced particles is considered. The last two variants are an alternative method which uses the Boltzmann and Tsallis distributions to extract the effective temperatures respectively. Then T 0 and β T are regarded as the intercept and slope in some linear relations. It is found that the values of T 0 (β T ) obtained by the four variants are similar, and in some cases the four results are in agreement with each other within errors. In particular, comparing with central nucleus-nucleus collisions, proton-proton collisions are found to be closer to peripheral nucleus-nucleus collisions in terms of T 0 and β T .
Introduction
As an important concept in both thermal physics and high energy collisions, temperature is widely used in experimental measurements and theoretical studies. Different from macroscopical thermal physics, temperature in microscopical high energy collisions can not be measured directly. Instead, we can obtain the temperature by using the methods of particle ratios and transverse momentum (p T ) spectra. The temperature obtained from particle ratios is usually the chemical freezeout temperature (T ch ) which describes the excitation degree of the interacting system at the stage of chemical equilibrium. The temperature obtained from p T spectra with the thermal distribution which does not include flow effect is usually the effect temperature (T ef f or T ) which is not a real temperature due to it being related to particle mass. The temperature obtained from p T spectra with the thermal distribution which includes flow effect is usually the kinetic freeze-out temperature (T kin or T 0 ) which describes the excitation degree of the interacting system at the stage of kinetic and thermal equilibrium.
The chemical freeze-out and kinetic freeze-out are two main stages of the interacting system evolution in high energy collisions. At the stage of chemical freezeout, the chemical components (relative fractions) of particles are fixed. At the stage of kinetic freeze-out, p T and momentum (p) spectra of particles are no longer changed. We are interested in T 0 due to its relation to the p T spectra of identified particles which are one of the quantities measured in the "first day" in experiments. At the same time, T 0 is related to the structure of phase diagram in the T 0 -related spaces such as T 0 −β T space and T 0 − √ s N N space, where β T denotes the mean transverse flow velocity which is caused by the impact and squeeze, √ s N N denotes the center-of-mass energy per nucleon pair, and √ s N N can be simplified to √ s for proton-proton (p-p or pp) collisions. In particular, in the energy ranges available in the beam energy scan (BES) program at the Relativistic Heavy Ion Collider (RHIC) and the BES program at the Super Proton Synchrotron (SPS), the chemical potential (µ B ) of baryons has to be considered due to its non-negligible value. Then, the structure of phase diagram in T 0 −µ B space can be studied in both the RHIC BES and SPS BES energy ranges.
In order to offer facilities for experts who study the structure of phase diagram in the T 0 -related spaces, we have to obtain T 0 , β T , and µ B by using reasonable methods firstly. Generally, µ B can be obtained from the particle ratios and its excitation function is studied in detail [1] [2] [3] [4] [5] , and T 0 and β T can be obtained from the p T spectra. In literature [6] [7] [8] [9] [10] [11] [12] [13] , different methods on the extractions of T 0 and β T are used. We are interested in the harmony of different methods. In our recent work [14] , we have used a few variants of the fitting function or different methods to extract T 0 and β T in nucleus-nucleus collisions at the RHIC and Large Hadron Collider (LHC) energies [14] [15] [16] [17] , where the top RHIC energy is √ s N N = 200 GeV and the LHC energy reaches a few and more than ten TeV. The harmonious or similar results are obtained in the case of using non-zero β T in peripheral nucleus-nucleus collisions in the Blast-Wave model with Boltzmann-Gibbs statistics (the BGBW model) [6] [7] [8] 18] and Tsallis statistics (the TBW model) [9, 18, 19] . Our results show that T 0 in central nucleus-nucleus collisions is relatively larger than that in peripheral collisions. Meanwhile, T 0 at the LHC is slightly larger than or nearly equal to that at the RHIC. The situation of β T is similar to that of T 0 . Comparing with peripheral collisions and the RHIC, β T shows slightly larger or nearly invariant trend in central collisions and at the LHC.
We are inquisitive to apply the main variants in small collision systems such as pp and deuteron-gold (d-Au) collisions at the RHIC, and pp and proton-lead (p-Pb) collisions at the LHC, and to show the difference from or similarity to central and peripheral nucleus-nucleus collisions. In this paper, we shall use four variants to extract T 0 and β T from the p T spectra of identified particles produced in pp and d-Au collisions at the RHIC, and in pp and p-Pb collisions at the LHC. The model results on the p T spectra are compared with the experimental data of the PHENIX [20] , STAR [21] [22] [23] , and ALICE Collaborations [24] [25] , and then T 0 and β T are extracted from the analyses.
The remainder of this paper is structured as follows. The formalism and method are shortly described in Section 2. Results and discussion are given in Section 3. In Section 4, we summarize our main observations and conclusions.
Formalism and method
There are four variants or models are used in the present work. The results obtained from the four variants can be compared with each other. The four variants are:
i) the BGBW model [6] [7] [8] in which non-zero β T of produced particles is considered by us;
ii) the TBW model [9] in which non-zero β T is also considered by us;
iii) the intercept in T − m 0 relation is regarded as T 0 [7, [10] [11] [12] [13] , the slope in p T − m relation is regarded as β T , and the slope in p − m relation is regarded as the radial flow velocity β [14-17] which does not include the contribution of longitudinal flow, where m 0 denotes the rest mass, m denotes the mean moving mass † , ... denotes the average on the considered quantity, and T is obtained by the Boltzmann distribution [18] ; and iv) in the third variant, T is obtained by the Tsallis distribution [18, 19] .
The four variant can be found in the references mentioned above. In particular, we used the mentioned variants to extract T 0 and β T in nucleus-nucleus collisions at the RHIC and LHC energies in our recent work [14] . However, to give a whole representation for the present work, we show directly and concisely the four variants in the following.
All of the model descriptions are presented at the mid-rapidity which means that the rapidity y ≈ 0 and cosh(y) ≈ 1 which appears in some variants. At the same time, the influences of spin property and chemical potential on the p T spectra are neglected due to small effects at the top RHIC and LHC energies. As what we did in our recent work [14] , the kinetic freeze-out temperature, the mean transverse (radial) flow velocity, and the effective temperature in different variants are uniformly denoted by T 0 , β T , and T , respectively, though different values can be extracted by different variants.
On the variant i), according to refs. [6] [7] [8] , the BGBW model results in the p T distribution to be
where N is the number of particles, C 1 is the normalized constant, I 0 and K 1 are the modified Bessel functions of the first and second kinds respectively,
is the transverse mass, ρ = tanh −1 [β(r)] is the boost angle, β(r) = β S (r/R) n0 is a self-similar flow profile, † The mean moving mass is in fact the mean energy E of the considered particles in the rest frame of source. The momentum p is obtained by p = p T / sin θ to obtain E and β in the rest frame of source, where θ is the emission angle and its probability distribution is f θ (θ) = 1 2 sin θ in the case of considering an isotropic emission in the rest frame of source. However, the multiple sources, if available, distribute mainly along the longitudinal direction, which results strongly in an anisotropic emission and a longitudinal flow which is not the topic studied in the present work. The anisotropic distribution of sources themselves (the anisotropic emission of particles in the center-of mass or laboratory reference frames) and the isotropic emission of particles in the rest frame of source are two different issues.
β S is the flow velocity on the surface, r/R is the relative radial position in the thermal source, and n 0 = 1 or 2 is a free parameter [6] . There is the relation,
rβ(r)dr = 2β S /(n 0 + 2), between β T and β(r). In the present work, we take n 0 = 2 as used in ref. [6] .
On the variant ii), according to refs. [9] , the TBW model results in the p T distribution to be
where C 2 is the normalized constant, q is an entropy index that characterizes the degree of non-equilibrium, φ denotes the azimuth, and n 0 = 1 or 2 as used in the BGBW model. In the present work, we take n 0 = 1 as used in ref. [9] . In fact, n 0 is insensitive in the first two variants. It does not matter if we use n 0 = 1 or n 0 = 2. To be the same as refs. [6] and [9] , we use n 0 = 2 in the first variant and n 0 = 1 in the second variant. It should be noted that we use the index −q/(q − 1) in Eq. (2) instead of −1/(q − 1) in ref. [9] due to q being very close to 1. This substitution results in a small and negligible difference in the Tsallis distribution [19] .
As used in our recent work [14] , in both the BGBW and TBW models, a non-zero β T of the produced particles is considered in peripheral nucleus-nucleus collisions. The peripheral collisions contain a few participant nucleons that take part in the violent interactions. This situation is similar to small collision system which also contains a few participant nucleons. In the case of neglecting the influence of cold nuclear effect, small collision system is much similar to peripheral nucleusnucleus collisions. This means that a non-zero β T should be considered for small collision system to keep the consistency, though the values of β T for small collision system and peripheral nucleus-nucleus collisions are possibly different. Naturally, it is not surprised if the values of β T in the two types of collisions are nearly the same.
The variants iii) and iv) need two steps to obtain T 0 and β T . To use the relations T = T 0 + am 0 , p T = b 1 + β T m, and p = b 2 + βm, where a, b 1 , and b 2 are fitted parameters, we can choose the Boltzmann distribution for the variant iii) and the Tsallis distribution for the variant iv) to fit the p T spectra of identified particles produced in high energy collisions. Both the Boltzmann and Tsallis distributions have more than one forms. We choose the form of Boltzmann distribution [18] 
and the form of Tsallis distribution [18, 19] 
where C 3 and C 4 are the normalized constants related to the free parameter T , free parameter q if it is available, and particle mass m 0 due to its relation to m T . Eqs. (1)- (4) are functions which describe mainly the contribution of soft excitation process. They are only valid for the spectra in a narrow p T range which covers 0-2∼3 GeV/c in most cases. Even if for the soft process, the Boltzmann distribution is not enough to fit the p T spectra in some cases. In the case of using twoor three-component Boltzmann distribution, T is the average weighted the effective temperatures and corresponding fractions obtained from different components.
Generally, two main processes in high energy collisions are considered in the present work. Except for the soft excitation process, another main process is the hard scattering process which contributes the spectra in a wide p T range and is described by an inverse powerlaw
according to the quantum chromodynamics (QCD) calculus [26] [27] [28] , where p 0 and n are free parameters, and A is the normalized constant related to the free parameters. The experimental p T spectra distribute usually in a wide range. This means that we have to use a superposition of both the contributions of soft and hard processes to fit the spectra. In the present work, the contribution of soft process is described by one of Eqs. (1)- (4), and the contribution of hard process is described by Eq. (5). We have the superposition
where k denotes the contribution fraction (ratio) of the soft process, and f S (p T ) denotes one of Eqs. (1)- (4) . In some cases, in very-low p T range, the contributions of resonance production for pions and strong stopping effect for participant nucleons are non-negligible. We have to use a very-soft component for the p T range from 0 to 0.2∼0.3 GeV/c. Let k V S and k S denote the contribution fractions of the very-soft and soft processes respectively. Eq. (6) is revised to be
where f V S (p T ) denotes one of Eqs. (1)- (4) . To keep coordination, f V S (p T ) is taken to be the same as f S (p T ), but having smaller parameter values. To compare the parameter values obtained from Eqs. (6) and (7), we use the average weighted the parameters and corresponding fractions in very-soft and soft components in Eq. (7). The fraction k in Eq. (6) corresponds to k V S + k S in Eq. (7). In fact, Eq. (6) is a special case of Eq. (7) without the very-soft component.
Results and discussion
The transverse momentum spectra, in terms of [20] (the rapidity range |y| < 0.5 [21] ), where the error bars represent the root quadratic sums of statistical and systematical errors, and the STAR data for K + and K − p T spectra are not available. The error bars quoted in this paper are very small. In most cases they disappear within the symbols. The solid, dashed, dotted, and dashed-dotted curves are our results fitted by Eq. (6) or (7) 
, and f 4 (p T ), respectively. The ratios of data/fit are presented following each panel. The values of parameters T 0 , β T , k, p 0 , and n, normalization constant N 0 which is used to fit the data, χ 2 , and degree of freedom (dof) (in terms of χ 2 /dof for χ 2 and dof) corresponding to the fit of variant i) are listed in Table 1 ; the values of T 0 , q, β T , k, p 0 , n, N 0 , χ 2 , and dof corresponding to the variant ii) are listed in Table 2 ; the values of T , k, p 0 , n, N 0 , χ 2 , and dof corresponding to the variant iii) are listed in Table 3 ; and the values of T , q, k, p 0 , n, N 0 , χ 2 , and dof corresponding to the variant iv) are listed in Table 4 . Most of them are fitted by Eq. (6) . The numerical values fitted by Eq. (7) are marked by a star at the end of line, in which the results obtained from the very-soft and soft components are combined. To avoid triviality, the results for very-soft and soft components are not listed particularly. One can see that the four considered variants describe approximately the p T spectra of identified particles produced in central (0-20%) and peripheral (60-88% and 40-100%) d-Au collisions at √ s N N = 200 GeV. Figure 2 is the same as Fig. 1 , but it shows the spectra of (a) π + , K + , and p, as well as (b) π − , K − , andp, produced in pp collisions at √ s = 200 GeV. The closed (open) symbols represent the experimental data of the STAR Collaboration measured in −0.5 < y < 0 (|y| < 0.5), and the error bars represent the root quadratic sums of statistical and systematical errors [22, 23] . The values of parameters and χ 2 /dof corresponding to the fit curves in Fig [24] . The values of parameters and χ 2 /dof corresponding to the fit curves in Fig. 3 are listed in Tables  1-4 , where the results combined the very-soft and soft components are marked by a star at the end of line. One can see that, in most cases, the four considered variants describe approximately the p T spectra of identified particles produced in p-Pb collisions at √ s N N = 5.02 TeV. Figure 4 is the same as Fig. 1 , but it shows the spectra, in terms of ( 
TeV which is one of the LHC energies, where N EV denotes the number of events and is usually omitted. The symbols represent the experimental data of the ALICE Collaboration measured in |y| < 0.5 for low-p T particles and in |η| < 0.8 for high-p T particles, and the error bars represent the root quadratic sums of statistical and systematical errors [25] . The values of parameters and χ 2 /dof corresponding to the fit curves in Fig. 4 are listed in Tables 1-4 , where the results combined the very-soft and soft components are marked by a star at the end of line. One can see that, in most cases, the four considered variants describe approximately the p T spectra of identified particles produced in pp collisions at √ s = 2.76 TeV. In the fittings in Figs [20] (|y| < 0.5 [21] ), where the error bars represent the root quadratic sums of statistical and systematical errors, and the STAR data for K + and K − pT spectra are not available. In most cases the error bars disappear within the symbols due to their small values. The solid, dashed, dotted, and dashed-dotted curves are our results fitted by Eq. (6) or (7) in which fS(pT ) (fV S (pT )) denote f1(pT ), f2(pT ), f3(pT ), and f4(pT ), respectively. The ratios of data/fit are presented following each panel. tra up to 2∼3 GeV/c. However, the hard component contributes the p T spectra up to the maximum. In the p T range from 0 to 0.2∼0.3 (2∼3) GeV/c, the very-soft (soft) component performs firstly dominating and then obsolescent. At the same time, the soft (hard) component performs firstly as the less important thing and then as the principal one. In the p T range from 0.2∼0.3 (2∼3) GeV/c to 2∼3 GeV/c (the maximum), the soft (hard) component is the main (sole) contributor. The particular onset 0.2∼0.3 (2∼3) GeV/c of the soft (hard) component as the main (sole) contributor is determined by the least square method which determines the free parameters.
We would like to point out that the root quadratic sums of statistical and systematical errors in the experimental data are used in the above fit process, though the systematical errors are possibly not suitable to be used in some cases. In fact, final errors on the parameters are strongly affected by this choice. Moreover, not all choices are correct (or advisable): as an example, systematic errors on spectra of positive and negative particles are strongly correlated, so counting them in an independent way is not fully correct. It is regretful that if we use only the statistical errors which are very small, the fitting results will be bad. The present work is a preliminary and approximate treatment to obtain the parameters and their errors. As the results, the parameters and their errors contain naturally the effects and contributions of both the statistical and systematical errors in the experimental data.
Although we have used many free parameters in each fit, these parameters are not unrestrictive. In fact, some of them (1-3 parameters) are geared to the very-soft component which describes the very-low p T range up to 0.2∼0.3 GeV/c in a few cases. Some of them (1-3 parameters) are geared to the soft component which describes the low p T range up to 2∼3 GeV/c in most cases. While the final two parameters (p 0 and n) are geared to the hard component which describes the wide p T range up to the maximum. If we use only the narrow p T spectra which appear usually in literature, the number of free parameters will be less. However, in this case, the description is incomplete. It is hard to fit the p T spectra by using only the very-soft, soft, or hard component. Indeed, we have to use the superposition of the soft and hard components, even including the very-soft component in a few cases. This treatment causes inevitably many free parameters.
The last two variants use the relations between T and m 0 , p T and m, as well as p and m. They are not suitable to fit simultaneously all particles in low p T range due to the mass dependences of the relations. In principle, we can try doing simultaneous fits of all particles by using the first two variants. In the case of doing simultaneous fits, larger ratio of χ 2 /dof will be obtained due to the same set of parameters. Although we fit different particle spectra by different sets of parameters, the mean value of a given parameter can be obtained by weighting different yields of considered particles. The weighted mean parameter is thus regarded as the parameter which is suitable to fit simultaneously all particles. So, both the simultaneous and non-simultaneous fits can be used in analyzing the particle spectra.
Based on the descriptions of p T spectra, the first two variants can give T 0 and β T conveniently, though the values of parameters are possibly not the same due to different variants. To obtain the values of T 0 , β T , and β by the variants iii) and iv), we analyze the values of T presented in Tables 3 and 4 , and calculate p T , p , and m based on the values of parameters listed in Tables 3  and 4 . In fact, based on an isotropic assumption in the rest frame of emission source and using the Monte Carlo method, we can perform the calculations from p T to p and m [15] [16] [17] .
The relations between T and m 0 , p T and m, as well as p and m are shown in Figs. 5, 6, and 7, respectively, where panels (a) and (b) correspond to the variants iii) and iv) which use the Boltzmann and Tsallis distributions respectively. The symbols in Fig. 5 represent values of T listed in Tables 3 and 4 Tables 5 and 6 which correspond to the variants iii) and iv) respectively. One can see that, in most cases, the mentioned relations are approximately described by linear functions. In particular, the intercept in 
The symbols represent the experimental data of the ALICE Collaboration measured in |y| < 0.5 for low-pT particles and in |η| < 0.8 for high-pT particles, and the error bars represent the root quadratic sums of statistical and systematical errors [25] . Table 1 . Values of parameters (T 0 , β T , k, p 0 , and n), normalization constant (N 0 ), χ 2 , and dof corresponding to the fits of the BGBW model and inverse power-law in Figs. 1-4 . The collision types, data sources, and collisions energies are listed in the blank spaces of the first two columns for the purpose of clarity. The results combined the very-soft and soft components are marked by a star (*) at the end of line.
Figure
Centrality Tables 3 and 4 and the isotropic assumption in the rest frame of emission source. Tables 3 and 4 and the isotropic assumption in the rest frame of emission source. in the two figures represent overall errors taken from Tables 1, 2 , 5, and 6, and different variants result in different errors due to different properties of parameters. In particular, the values of T 0 and β T in the first two variants are obtained by weighting different particles listed in Tables 1 and 2 , and those in the last two variants are obtained by the intercept and slope listed in Tables 5 and 6 . One can see that the four variants present similar results, and in some cases these results are in agreement with each other within errors. In central d-Au and p-Pb collisions, T 0 is relatively larger than that in peripheral collisions. From the RHIC to LHC energies, T 0 shows a slightly increase or nearly invariant. From peripheral to central collisions and from the RHIC to LHC energies, both β T show a slightly increase or nearly invariant. These situations are in agreement with our recent work which studied Au-Au collisions at the RHIC and Pb-Pb collisions at the LHC [14] . In particular, the absolute values of T 0 and β T do not show obvious change from d-Au (p-Pb) to Au-Au (Pb-Pb) collisions. In pp collisions, the dependences of T 0 and β T on √ s are similar to those in peripheral nucleus-nucleus collisions for not only the changing tendencies but also the values themselves.
In terms of excitation degree which is characterized by T 0 , nucleus-nucleus collisions such as d-Au, Au-Au, p-Pb, and Pb-Pb collisions at the RHIC and LHC energies show similar excitation degree at the kinetic freezeout, though the excitation degree in central collisions is slightly higher than that in peripheral collisions. The excitation degree is dependent of the maximum nucleus, but not the minimum nucleus, in nucleus-nucleus collisions at a given energy. This renders that there is a slightly increase in T 0 with increase of the participant nucleon number in central p-nucleus collisions when the nucleus is increased in its size. From central pnucleus collisions, central d-nucleus collisions, ..., to central nucleus-nucleus collisions, we can obtain the same or similar excitation degree of the interacting system. This excitation degree is dependent of the maximum nucleus and collision energy, but not the numbers of participant nucleons and binary collisions in central collisions.
As small collision systems, pp, d-Au, and p-Pb collisions show different features. In terms of T 0 and β T , comparing with central nucleus-nucleus collisions, pp collisions are closer to peripheral nucleus-nucleus collisions due to similar numbers of participant nucleons. This is a natural result. Oppositely Our recent and present works show some opposite results with the conventional BGBW model which use a less or nearly zero β T in small collision systems and peripheral nucleus-nucleus collisions [6] [7] [8] . The conventional BGBW model results in a less T 0 in central collisions and at the LHC [6] [7] [8] [29] [30] [31] [32] [33] [34] . In our opinion, because of the entanglement between T 0 and β T , a less (larger) T 0 can be obtained if a larger (less) β T is used. Although a nearly zero β T is used in small collision systems and peripheral nucleus-nucleus collisions by some researchers [6] [7] [8] , a relatively larger β T is also used in the mentioned collisions by other researchers using the same BGBW model [7, [35] [36] [37] . However, the relatively larger β T does not change obviously the tendency of T 0 . Only T 0 in central d-Au collisions is slightly larger than that in peripheral d-Au collisions at 200 GeV [7] . At the same time, another analysis by using the BGBW model shows that the excitation function of T 0 in central collisions appears a plateau over an energy range from 10 GeV to the LHC [37] . This is not opposite with our result.
Comparing with the conventional BGBW model [6] [7] [8] [29] [30] [31] [32] [33] [34] , other model results are more in agreement with our results. Based on different versions of thermal model, refs. [38, 39] show a slightly larger T 0 in central collisions or an almost invariant T 0 in both central and peripheral collisions. A non-zero β T in peripheral collisions is used, though β T in central collisions is still larger than that in peripheral collisions. Based on the TBW model, ref. [9] shows a slightly larger T 0 in central collisions or an almost invariant T 0 in both central and peripheral collisions. A nearly zero β T in peripheral collisions is used, though β T in central collisions is very large. Based on different versions of the Tsallis distribution with flow, ref. [40] shows that T 0 extracted from pion spectra in central collisions is less than that in peripheral collisions, and T 0 extracted from kaon or proton spectra does not depend on the centrality. Refs. [41, 42] show that T 0 in central collisions is larger than that in peripheral collisions, and T 0 at the RHIC is less than that at the LHC. For small collision systems and peripheral collisions, β T is much larger than zero. These situations are in agrement with our results in some cases.
The harmonious results obtained in small system and nucleus-nucleus collisions reveal some universality in hadroproduction process, as it is argued in refs. [43] [44] [45] [46] [47] . The universality in hadroproduction process appears in different quantities observed [48] in different types of collisions (including proton-proton, proton-nucleus, and nucleus-nucleus collisions) and/or at different energies (available from the RHIC even RHIC BES and SPS BES to LHC). These quantities include, but are not limited to, mean multiplicity, rapidity or pseudorapidity density, multiplicity or transverse momentum distribution, and event patterns in different spaces in some conditions. The present work confirms that the universality in hadroproduction process also exists in thermal parameters at the kinetic freeze-out in different types of collisions from the RHIC to LHC [14] .
Although the blast-wave model and related distributions themselves lack contributions from resonance decays and strong stopping effects, we can use a twocomponent form to describe the spectra in very-low and low p T ranges. The Tsallis function has connection to thermal model due to its fits to two-or three-component Boltzmann distribution [49] . The index q represents the degree of non-equilibrium between two or among three states described by Boltzmann distributions, and the Tsallis temperature describes the fluctuations of Boltzmann temperatures. These explanations on the level of drawing curves reveal that the interacting systems at the RHIC and LHC stays in a transition gradation from extensive system to non-extensive system. There is no obvious boundary to distinguish extensive system and non-extensive system for a given interacting system.
Before giving conclusions, we would like to emphasize that the comparisons of different variants and the extractions of T 0 and β T in small collision system presented in the present work are significative and useful. As discussed above, although many variants or methods are used in literature to extract T 0 and β T [6] [7] [8] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] , these variants or methods are hard to give harmonious results in some cases. Indeed, more analyses are needed so that a judgement conclusion can be made. In addition, the hard component has no contribution to T 0 and β T due to its non-thermal production. Instead, the very-soft and soft components which contribute by the square in the very-low and low p T ranges are used to extract T 0 and β T . So, the third and fourth fits are applicable, because they work for massive particles and in very and low p T ranges.
Conclusions
We summarize here our main observations and conclusions.
(a) The transverse momentum distributions of π + , π − , K + , K − , p, andp produced in pp and d-Au collisions at the RHIC, as well as pp and p-Pb collisions at the LHC, have been analyzed by four variants. The first two variants utilize the blast-wave model with Boltzmann-Gibbs statistics and Tsallis statistics respectively. The last two variants perform some linear relations in which the Boltzmann and Tsallis distributions are used to extract the effective temperatures respectively. These model and distributions describe only the contribution of soft excitation process. An inverse power-law obtained from the QCD calculus is used to describe the contribution of hard scattering process in the four variants.
(b) The experimental data measured by the PHENIX, STAR, and ALICE Collaborations are fitted by the model results. The four variants present similar results, and in some cases these results are in agreement with each other within errors. Our calculations show that T 0 in central d-Au and p-Pb collisions is relatively larger than that in peripheral d-Au and p-Pb collisions, and β T in central d-Au and p-Pb collisions is slightly larger than or equal to that in peripheral d-Au and p-Pb collisions. With the increase of collision energy from the RHIC to LHC, the considered quantities have slightly increases or they seem to be invariant. These situations are similar to those in Au-Au collisions at the RHIC and Pb-Pb collisions at the LHC for not only the tendencies but also the values of the considered quantities.
(c) The small collision systems such as pp, d-Au, and p-Pb collisions do not show any particular feature when they are compared with nucleus-nucleus collisions. Comparing with central nucleus-nucleus collisions, pp collisions are closer to peripheral nucleus-nucleus collisions due to similar numbers of participant nucleons. Central d-Au and p-Pb collisions are similar to central Au-Au and Pb-Pb collisions, and peripheral d-Au and p-Pb collisions are similar to peripheral Au-Au and PbPb collisions, respectively. In central collisions, the excitation degree at the kinetic freeze-out is mainly determined by the maximum nucleus and collision energy, but not the numbers of participant nucleons and binary collisions.
(d) Combining with our recent work [14] , one can see that our results are opposite with the conventional BGBW model due to a large β T is used by us in peripheral collisions. The conventional BGBW model uses a nearly zero β T in peripheral collisions and show smaller T 0 in central collisions and at the LHC [6] [7] [8] [29] [30] [31] [32] [33] [34] . Our results are in agreement with other BGBW [7, 37] or TBW model [9] , some thermal models [38, 39] , and Tsallis distribution with flow [41, 42] . Ref. [7] shows a slightly larger T 0 in central d-Au collisions at 200 GeV. Ref. [37] shows the excitation function of T 0 in central collisions appearing a plateau over an energy range from 10 GeV to the LHC. Refs. [9, 38, 39] shows a slightly larger T 0 in central collisions or an almost invariant T 0 in both central and peripheral collisions. Refs. [41, 42] show a larger T 0 in central collisions and at the LHC. Comparing with T 0 , our results on β T are more in agreement with other models.
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